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BaFe2S3 is a special iron superconductor with two-leg ladder structure which can help to unravel
the role played by the electronic correlations in high-Tc superconductivity. At zero pressure it is
insulating with stripe antiferromagnetic (AF) order and superconductivity emerges under pressure.
We use a slave-spin technique to analyze the strength of the local correlations in BaFe2S3. We find
that at the pressure at which the superconductivity appears the electronic correlations in BaFe2S3
are similar to the ones measured in other iron superconductors. At zero pressure the strength of the
correlations is strongly enhanced being particularly severe for the two orbitals with the largest weight
at the Fermi level what invalidates nesting as the mechanism for AF. At zero temperature the system
is not a Mott insulator, but these two orbitals with mass enhancements m∗ ∼ 12− 15 will become
incoherent at higher temperatures. Different from what happens in other iron superconductors, at
both pressures, the Fermi surface is reconstructed by the electronic correlations.
PACS numbers: 74.70.Xa,75.25.Dk
Ten years after the discovery of high-Tc superconduc-
tivity in iron materials its origin is not understood[1]. AF
interactions are believed to play a key role in the emer-
gence of superconductivity. Whether the magnetism is
due to a Fermi surface instability[2] of itinerant carriers,
to exchange interactions between localized electrons [3]
or to double exchange physics[4] is controversial[5].
Well studied iron superconductors have a planar square
lattice. Recently superconductivity has been found in the
two-leg ladder 123-compounds BaFe2S3 and BaFe2Se3 up
to 24 K and 11 K respectively[6–8]. As in planar iron su-
FIG. 1: (Color online) Crystal structure of BaFe2S3 with
planes containing iron two-leg ladders. The iron-sulfur plane
structure is equivalent to the one in iron superconductors ex-
cept that one of each three iron rows is missing. The position
of the missing row shifts between consecutive planes.
perconductors, in these compounds Fe is tetrahedrally
coordinated, but every third Fe row in the layer is miss-
ing, see Fig.1. The nominal occupation of Fe, 6 electrons
in 5 orbitals, equals the one in undoped iron superconduc-
tors. However these ladder materials are AF insulators at
zero pressure and superconductivity emerges under pres-
sure. In BaFe2Se3 the ladders are tilted and the iron
atomic distances distort as a plaquette AF ordering with
µ = 2.8µB emerges [9–11]. Pressure suppresses the tilt-
ing of the ladders, induces a metal-insulator transition
and probably a change to AF stripe order before super-
conductivity appears[8, 12, 13].
BaFe2S3 shows stripe order, AF along the ladder and
ferromagnetic along the rung, with Neel temperature and
magnetic moment TN ∼ 120 K and µ ∼ 1− 1.2µB , close
to the ones of other iron superconductors [6, 7, 14, 15].
Insulating character is observed above and below TN . A
resistivity anomaly around 180 K could indicate orbital
order[7, 15]. Metallicity and superconductivity appear
at P ∼ 11 GPa. Ab-initio calculations reproduce the
AF order but with larger moment µ ∼ 2.1µB [16, 17] and
nesting arguments have been used to explain intraladder
AF[18]. Other authors have suggested that BaFe2S3 is
is a Mott insulator in which pressure suppress the Mott
gap and induce superconductivity[6, 7]. However, the
activation gap is only 70 meV and the magnetic moment
is much smaller than expected from saturated spins µ =
4.0µB [14]. Photoemission and X-ray experiments suggest
the presence of local and itinerant electrons [19, 20].
In this paper we use a slave spin technique to study the
strength of electronic correlations in BaFe2S3 and shed
light on the nature of the superconducting and AF in-
stabilities. We find that at pressures for which supercon-
ductivity appears the electronic correlations are similar
to those found in other iron superconductors. However
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2at zero pressure the correlations are much stronger, es-
pecially for the orbitals with the largest weight at the
Fermi level. Such strong correlations invalidate nesting
as the origin of AF in this material with local and itiner-
ant electrons. We also show that electronic correlations
reconstruct the Fermi surface at both pressures.
Model and methods We consider a multi-orbital model
for Fe atoms. Interactions, restricted to orbitals in
the same atom, include intraorbital U , interorbital U ′,
Hund’s coupling JH , and pair hopping J
′ terms, see the
supplementary information (SI) and [5]. We start from
the tight-binding models for BaFe2S3 derived from ab-
initio calculations at pressures P = 0 and P = 12.4
GPa[18] . They include 20 orbitals, 5 per each of the four
iron atoms in the unit cell. Orbital and unit cell axis dif-
fer among them and from the ones commonly used in iron
superconductors. X and Y axis connect ladders in adja-
cent planes and Z runs along the ladders, see Fig.1. The
orbitals zx, yz, xy and 3z2− r2, x2− y2 are defined with
z along the ladders, x connecting ladders in the same Fe
plane and y axis perpendicular to the Fe-ladders plane.
In this basis there are finite onsite non-diagonal terms
among these orbitals. We change to a basis with on-site
diagonal terms only wα=wzx, wyz, wxy, w3z2−r2 , wx2−y2 .
Here the subscript α indicates which orbital in the orig-
inal basis has the largest weight, see SI.
The interaction terms are defined in the wγ basis. We
take atomic filling n = 6, U ′ = U − 2JH , J ′ = JH ,
assume JH = 0.25U and study the electronic correla-
tions as a function of U [21]. We quantify the strength
of the local correlations by the orbital dependent quasi-
particle weight Zγ calculated with the U(1) slave-spin
technique[22]. Zγ = 1 in non-correlated materials and
decreases as the electronic correlations increase. It has
the same value in the four Fe atoms of the unit cell. In
the approximation used, Zγ equals the inverse of the mass
enhancement factor of each orbital m∗γ .
Using constraint RPA the strength of the interactions
in BaFe2S3 was estimated to be similar to that in LiFeAs,
i.e. larger than the interaction in BaFe2As2 and smaller
than in FeSe, and to be reduced a 6% under a pres-
sure of 12.4 GPa[18, 23]. Slave-spin calculations for
BaFe2As2 and FeSe using JH = 0.25U compare well with
experiment if the interactions UBaFe2As2 = 2.7 eV and
UFeSe = 3.0 eV are used[24, 25]. Therefore to study the
electronic correlations in BaFe2S3 we take UP=0 = 2.90
eV for P = 0 and UP=12.4 = 2.75 eV for P = 12.4 GPa.
Electronic correlations Fig.2 shows the quasiparticle
weight Zγ as a function of U . At P = 0, Zγ is strongly
suppressed at U∗ ∼ 2.1 eV. Beyond this crossover the sys-
tem enters into a correlated state, the Hund’s metal, with
well formed local spins satisfying Hund’s rule[5, 22, 26–
30]. Two of the orbitals, wzx and wyz, become very
strongly correlated, Zγ < 0.1, while the other three or-
bitals wxy, w3z2−r2 and wx2−y2 show intermediate corre-
lations Zγ ∼ 0.3− 0.6. The suppression of the quasipar-
FIG. 2: (Color online) (a)Orbital dependent quasiparticle
weight Zγ (main figure) and filling nγ (inset) at zero pressure
versus the intraorbital interaction U . At the Hund’s metal
crossover, U∗ ∼ 2.1 eV, the system becomes strongly corre-
lated due to the formation of local spins and a sharp drop of
Zγ is observed . The dotted line marks the interaction value
UP=0 = 2.9 eV suitable for BaFe2S3, see text. At this inter-
action the orbitals wyz and wzx with have the largest weight
the bands close to the Fermi level are near half-filling and
have a very small quasiparticle weight Zγ which corresponds
to an enhanced mass m∗ ∼ 15. (b) Same as in main figure
in (a) for P=12.4 GPa, pressure at which superconductivity
is found. With pressure the Hund’s metal crossover shifts
to larger interactions due to larger bandwidth and the inter-
action is reduced to UP=12.4 ∼ 2.75 eV. At this interaction
the strength of the correlations, as measured by Zγ , becomes
similar to the one found in other iron superconductors.
ticle weight Zγ is concomitant with a reorganization of
the orbital filling nγ , see inset in Fig.2 (a). The strongly
correlated orbitals wzx and wyz approach half-filling in
the Hund’s metal state. The interaction at which the
Hund’s metal crossover appears in Fig.2(a) is reduced
with respect to the one found in other iron superconduc-
tors U∗ ∼ 2.6−2.7 eV [22, 24, 25]. Behind this reduction
it is the smaller value of the bandwidth: 4 eV in BaFe2S3,
see[18] and SI, and close to 5 eV in other compounds.
BaFe2S3 with UP=0 = 2.90 eV is a strongly correlated
Hund metal. At this interaction, the electronic correla-
tions reduce the bandwidth to less than 2 eV, see SI. The
narrowing of the bands is especially prominent close to
the Fermi level. This happens because the bands close to
3FIG. 3: (Color online) Band structure near the Fermi level for P = 0 and P = 12.4 GPa with and without including the
electronic correlations. Close to the Fermi level the bands are dominated by wyz (red) and wzx (green) orbitals. The electronic
correlations modify the band structure and reconstruct the Fermi surface, characterized by very shallow pockets.
the Fermi level are dominated by wzx and wyz orbitals
with a very small Zγ which results in mass enhancement
factors ∼ 12− 15, Fig.3(a) and (b).
At P = 12.4 GPa the strength of the electronic cor-
relations is reduced with respect to its zero pressure
values. The quasiparticle weight and mass enhance-
ment factors of the orbitals close to the Fermi level
m∗ ∼ 2−3 are similar to the ones found in the planar iron
superconductors[5, 31]. This result is especially interest-
ing because BaFe2S3 is superconducting at P = 12.4 GPa
. The Hund’s metal crossover is shifted from U ∼ 2.1 eV
at P = 0 GPa to U ∼ 2.7 eV at P = 12.4 GPa eV, due to
the larger bandwidth ∼ 5 eV see SI, what places BaFe2S3
at the Hund’s metal crossover at P = 12.4 GPa.
Fermi surface reconstruction Besides the flattening of
the bands, the Fermi surface is reconstructed at both
pressures. This is different from what happens in other
iron superconductors for which the inclusion of local cor-
relations does not alter significatively the Fermi surface
shape. Close to the Fermi level the reduced hybridization
with other orbitals shifts wyz upwards and wzx down-
wards producing the Fermi surface reconstruction.
In the absence of correlations the ab-initio Fermi sur-
face has electron pockets α and β respectively centered at
Γ and along (±pi, ky, 0) and (kx,±pi, 0) and hole pockets γ
around (0, 0, 3/4pi) directed along the (kx,−kx,±3/4pi),
see Fig.4, SI and Ref[18]. With pressure the size of the
pockets change, especially the β pockets which shrinks
significatively at P = 12.4 GPa.
When the effect of correlations is included the γ hole
pockets change their shape and cut kz = ±pi, the β
pockets grow and new smaller hole pockets appear close
to (pi, pi, 0). At P = 0 the α pocket disappears at Γ
but smaller triangular-like electron pockets still remain
around (pi/2, pi/2, 0). At P = 12.4 GPa the α pocket is
still present at Γ but with an ”H” form, see SI . The large
mass enhacements make all the Fermi pockets extremely
shallow at P = 0. The top and bottom of the hole and
electron bands which give rise to the Fermi pockets are
shifted only a few meV of the Fermi level, see Fig. 3.
Summary and discussion We find that at zero pressure
BaFe2S3 is a strongly correlated Hund metal with orbital
selective correlations. The two orbitals with the largest
weight at the Fermi level have very small quasiparticle
weight Zwzx,wyz ∼ 0.06, i.e. large mass enhancements
m∗wzx,wyz ∼ 12− 15 are expected. In the other three or-
bitals the strength of correlations and the mass enhance-
ments are intermediate Zm ∼ 0.3−0.5 and m∗m ∼ 2−3.5.
At zero temperature BaFe2S3 is not a Mott insulator.
Several bands cross the Fermi level and reconstruct the
Fermi surface. However, due to the small quasiparticle
weight, if the temperature is not very low the electrons
4FIG. 4: (Color online)Reconstruction of the Fermi surface due to the electronic correlations at P = 0 GPa and P = 12.4 GPa.
On spite of the quasi-one dimensional lattice the Fermi surface has three dimensional character. When correlations are included
enhanced scattering at Q ∼ (0,0,2pi) (Q∗ ∼ (0,0, pi) if the Brillouin zone is unfolded along kz) between hole pockets along
(kx,−kx,±pi) is expected.
close the Fermi level will behave as incoherent particles:
the quasiparticle peak is expected to be absent in photoe-
mission experiments and the resistivity could show insu-
lating behavior as observed experimentally. Short range
AF correlations above the Neel temperature will enhance
the insulating tendencies localizing these very weakly co-
herent electrons. In agreement with photoemission and
X-ray experiments the system can be described in terms
of itinerant and localized electrons [19, 20].
The reconstructed Fermi surface shows enhanced scat-
tering at Q ∼ (0,0,2pi) between the hole pockets. In
a Brillouin zone unfolded along kz, Q would become
Q∗ ∼ (0,0, pi) coincident with the intra-ladder AF mo-
mentum. These pockets are very shallow and therefore
very sensitive to other effects not included in this work.
But overall the small quasiparticle weight prevents any
explanation of the antiferromagnetic state in terms of
nesting. This can have important consequences for the
understanding of the superconducting phase which it is
believed to be mediated by the AF correlations. Whether
the AF order in this material is better explained by a
double exchange mechanism or with local moments is an
interesting issue beyond the scope of this work.
Interestingly, at P = 12.4 GPa, at which the super-
conductivity is found, the strength of the correlations is
reduced to values similar to the ones measured in other
iron superconductors. Intermediate correlations could be
beneficial for high-Tc temperature superconductivity in
iron superconductors[32].
As in the P = 0 case, at P = 12.4 GPa the re-
constructed Fermi surface shows enhanced scattering at
Q ∼ (0,0,2pi), Q∗ ∼ (0,0, pi) in the unfolded Brillouin
zone. At this pressures the Fermi pockets are not so shal-
low and the larger quasiparticle weight could, in princi-
ple, justify an explanation of the superconductivity in
terms of the processes at the Fermi surface, or at least
some contribution to it. Such mechanism would predict
an order parameter with sign change between the two
hole-pockets. An interesting issue which requires further
work is whether this weak coupling mechanism for super-
conductivity is invalidated by the non-nesting character
of the AF phase suppressed by pressure or not.
In conclusion our work shows that the quasi-one di-
mensional 123 family can be very useful to decipher the
nature of high-Tc superconductivity in iron based materi-
als. Further experimental and theoretical work is desired.
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6SUPPLEMENTARY INFORMATION
Methods
We start from a multi-orbital model with local inter-
actions including: intraorbital U , interorbital U ′, Hund’s
coupling JH , and pair hopping J
′ terms,
H =
∑
k,γ,β,σ
k,γ,βc
†
k,γ,σck,β,σ + h.c.+
∑
j,γ,σ
γnj,γ,σ
+U
∑
j,γ
nj,γ,↑nj,γ,↓ + (U ′ − JH
2
)
∑
j,{γ>β},σ,σ˜
nj,γ,σnj,β,σ˜
−2JH
∑
j,{γ>β}
~Sj,γ ~Sj,β + J
′ ∑
j,{γ 6=β}
c†j,γ,↑c
†
j,γ,↓cj,β,↓cj,β,↑ (1)
j label the Fe atoms. Each unit cell contains 4 atoms.
X and Y axis connect ladders in adjacent planes and Z
runs along the ladders. k is the momentum in the 4 Fe
Brillouin zone, σ the spin and γ, and β the orbitals. We
include five orbitals per Fe atom. There are 20 orbitals
in the unit-cell. Curly brackets {} in the sum subscript
indicate that the sum is restricted to orbitals in the same
atom, i.e., both orbitals are between 1 and 5 or between 6
and 10, and so on. The model is defined in wα orbital ba-
sis. In this basis there are no hybridization terms between
different orbitals within the same atom, only a diagonal
on-site contribution γ . We assume U
′ = U − 2JH [21]
and J ′ = JH , as in rotationally invariant systems, leav-
ing only two independent interaction parameters, U and
JH . We take JH = 0.25U .
To obtain k,γ,β and γ we start from the 20-orbital
tight-binding models calculated in[18] from a Wannier
projection of ab-initio results for BaFe2Se3 at P = 0
and P = 12.4 GPa. These models are obtained using as
orbital basis: zx, yz, x2−y2, 3z2−r2 and xy defined with
z along the ladders, x connecting ladders in the same Fe
plane and y axis perpendicular to Fe-ladders plane. zx
and xy along these axis are respectively equivalent to
xy and zx in the basis frequently used in tight-binding
models for iron superconductors (with x and y along Fe
bonds and z perpendicular to the Fe plane), i.e. the two
orbitals are exchanged; yz is equivalent in both basis and
x2− y2 and 3z2− r2 do not have direct analogues. They
are linear combinations of the orbitals defined with the
axis exchanged.
In this basis there are inter-orbital onsite terms. We
perform a change to a basis wα in which the onsite terms
of these tight-binding models are diagonal. The subscript
α corresponds to the orbital of the original basis which
gives a larger contribution to wα The matrix elements of
the change of basis have the same absolute value in the
four atoms, but their sign can differ. Their value depend
on pressure. An example is given below. For P = 0:
w13z2−r2 = 0.95|3z2 − r2 > +0.16|yz > −0.25|x2 − y2 >
w33z2−r2 = 0.95|3z2 − r2 > −0.16|yz > −0.25|x2 − y2 >
where the superscript label the atom in the unit cell. For
P = 12.4 GPa
w13z2−r2 = 0.92|3z2 − r2 > +0.22|yz > −0.33|x2 − y2 >
w33z2−r2 = 0.92|3z2 − r2 > −0.22|yz > −0.33|x2 − y2 >
We then write the onsite and hopping terms of the tight-
binding models are the basis wα.To address the role of the
electronic correlations we use U(1) slave spin theory[22]
and keep only density-density terms. That is, pair hop-
ping and spin-flip terms do not enter into the calculation.
With this technique we calculate the quasiparticle weight
and the onsite energy shifts which are generated by the
electronic correlations.
Bands and Fermi surface reconstruction
Below we provide some figures, complementary to
Fig.3 and Fig.4 which show the effect of the electronic
correlations in the band structure and in the Fermi sur-
face at P = 0 and P = 12.4 GPa.
7FIG. S1: (Color online) Band structure for P = 0 and P = 12.4 GPa with and without including the electronic correlations.
The bandstructure in (a) and (c) for P = 0 and P = 12.4 GPa is calculated using the tight-binding model from[18] and mimics
the one obtained in ab-initio calculations, see text. The bandwidth is approximately 4 eV and 5 eV respectively for P = 0 and
P = 12.4 GPa. As shown in (c) and (d) the electronic correlations reduce these bandwidth below 2 eV and 3.5 eV, respectively.
Band narrowing, is more evident close to the Fermi level
8FIG. S2: (Color online) Fermi surface cuts for P = 0 and P = 12.4 GPa with and without including the electronic correlations
plane, along kz-kx = ky reciprocal to the Fe-ladder plane. At both pressures the Fermi surface is reconstructed due to electronic
correlations.
FIG. S3: (Color online)Fermi surface cuts for P = 0 and P = 12.4 GPa with and without including the electronic correlations
along kz-kx = ky plane, reciprocal to the plane perpendicular to the Fe-ladder plane
